Investigation and Efficient Modeling of an Dovetail Attachment in Aero-engine  by Gowda, B.M. Appaji et al.
 Procedia Materials Science  5 ( 2014 )  1873 – 1879 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
doi: 10.1016/j.mspro.2014.07.495 
ScienceDirect
,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHVLQ0DQXIDFWXULQJDQG0DWHULDOV(QJLQHHULQJ
$00(
,QYHVWLJDWLRQDQGHIILFLHQWPRGHOLQJRIDQ'RYHWDLO$WWDFKPHQWLQ
$HUR(QJLQH
$SSDML*RZGD%0D'U+5<HVKRYDQWKE &6LGGDUDMX F
D +HOLFRSWHU'LYLVLRQ+$/%DQJDORUH,QGLD
E 3URIHVVRU+HDGRI0HFKQDLFDO'HSDUWPHQW516,7%DQJDORUH,QGLD
F $VVW3URIHVVRU'HSDUWPHQWRI0HFKDQLFDO (QJLQHHULQJ065,7%DQJDORUH,QGLD
$EVWUDFW
)UHWWLQJLVDSKHQRPHQRQRFFXUULQJEHWZHHQWZRVXUIDFHVKDYLQJUHODWLYHRVFLOODWRU\PRWLRQRIVPDOODPSOLWXGH)UHWWLQJGDPDJH
RFFXUVRQ WKHVXUIDFHVRIFRQWDFWLQJFRPSRQHQWV$QDFFXUDWHDVVHVVPHQWRIFULWLFDO IUHWWLQJYDULDEOHVVXFKDVFRQWDFW WUDFWLRQ
FRQWDFW FRQGLWLRQ VWLFN 	 VOLS DQG FRQWDFW VWUHVVHV RYHU WKH EODGHGLVF DWWDFKPHQW LV HVVHQWLDO WR FKDUDFWHUL]H WKH IUHWWLQJ
SHUIRUPDQFH DQG WR DVVHVV WKH UHOLDELOLW\ RI URWRU 6XFK DQ XQGHUVWDQGLQJ KHOSV LQ WKH GHVLJQ RI OLJKWHU HQJLQHV ZLWK EHWWHU
SHUIRUPDQFHDQGLPSURYHGVDIHW\ 5RWRUFRQVLVWVRIDQXPEHURIFRQWDFWSDLUVRIGLVFDQGEODGHLWZRXOGEHFRPSOH[WRVWXG\DOO
WKHLQWHUIDFHVWRJHWKHU+HQFHDVLPSOLILHGDSSURDFKRIVWXG\LQJDVLQJOHOREHRIDGRYHWDLOLQWHUIDFHIRUDVHFWRULVFRQVLGHUHGWR
XQGHUVWDQG WKH IUHWWLQJ EHKDYLRU RI IDQ DQG FRPSUHVVRU EODGHGLVF LQWHUIDFH 7KLV SDSHU H[DPLQHV WR LQYHVWLJDWH WKH DFXWH
YDULDWLRQVLQVWUHVVDORQJWKH)ODQNOHQJWKWKLFNQHVVIRUYDU\LQJIULFWLRQDQGURWDWLRQDOVSHHGRIWKHGLVFEODGH LQWHUIDFH
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
.H\ZRUGV 'RYHWDLO)ODQN/HQJWK)ODQNWKLFNQHVV5RWDWLRQDO6SHHG
&RUUHVSRQGLQJDXWKRU$SSDML *RZGD%07HO
(PDLODGGUHVVDSSXBEPVFH#\DKRRFRLQ5HVHDUFK6FKRODU%,7%DQJDORUH
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
1874   B.M. Appaji Gowda et al. /  Procedia Materials Science  5 ( 2014 )  1873 – 1879 
 ,QWURGXFWLRQ
2QH RI WKH PDLQ IDFWRUV FRQFHUQLQJ PHFKDQLFDO LQWHUJULW\ RI DHURHQJLQH WXUELQHV LV WKH LQWHUIDFH UHJLRQ
EHWZHHQWKHEODGHDQGWKHURWRUGLVF6WUHVVHVJHQHUDWHGLQWKLVUHJLRQDUHPDLQO\SURGXFHGE\WKHFHQWULIXJDOIRUFH
UHVXOWLQJIURPWKHURWDWLRQDO VSHHGRIURWRUPDVVRIWKHEODGH WKHUPDOVWUHVVDQG EHQGLQJORDGVDQGWRUVLRQGXHWR
WKHJDVSUHVVXUH$FFRUGLQJ WR0HJXLGHWDO  WKH MRLQWEHWZHHQD WXUELQHEODGHDQG WKHGLVFUHSUHVHQWV WKH
PRVWFULWLFDOORDGSDWKZLWKLQWKLVDVVHPEO\DQG LWLVFUXFLDOWRWKHRSHUDWLRQDOVDIHW\DQGVHUYLFHOLIHRIJDVWXUELQH
HQJLQH ,QRUGHUWRDFFRPPRGDWHVDIHVWUHVVHVYDOXHVLQWKLVFRQWDFWUHJLRQ +\GH HWDO  VWXGLHGWKHFRQWDFW
LQWHUIDFHV IRU GHVLJQRSWLPL]DWLRQRI FDVLQJ IODQJHV%ODGHGLVF LQWHUIDFH H[SHULHQFHV D FRPELQDWLRQRI ORZF\FOH
IDWLJXHGXHWRPDMRUORDGLQJHYHQWVDQGKLJKF\FOHIDWLJXHGXHWRPLQRUORDGLQJHYHQWVGXULQJDQRSHUDWLRQF\FOH
7KHLQWHUIDFHLVVXEMHFWHGKLJKOHYHORIFRQWDFWORDGLQJVDQGF\FOLFEXONVWUHVVHVGXHWRFHQWULIXJDOORDGVDGGHGWR
WKLVYLEUDWRU\ ORDGVDFWDW WKH LQWHUIDFHZLWKRVFLOODWRU\PRWLRQGXULQJ WKHHQJLQHRSHUDWLRQ7KXVIUHWWLQJ IDWLJXH
SOD\VDNH\UROHDWWKHGRYHWDLOLQWHUIDFH
)DWLJXHLVDQLPSRUWDQWFRQVLGHUDWLRQLQWKHGHVLJQRIURWDWLQJFRPSRQHQWV$QHDUO\FRQWULEXWLRQRISDSDQLNRVHW
DO  VD\VDERXWKLVDQDO\VLVXQGHUHVWLPDWHVWKH0D[(TXLYDOHQWVWUHVVDORQJWKHLQWHUIDFHE\ DVPXFKDV
WKLVFRXOGKDYHVHULRXV LPSOLFDWLRQVFRQFHUQLQJ WKHVDIHW\PDUJLQVRI WKHGLVFDVVHPEO\%HDUG  6XJJHVWHG
WKDWPRUHWKDQILIW\YDULDEOHVSOD\DUROHLQIUHWWLQJGDPDJHV$PRQJVWWKHP&RQWDFWWUDFWLRQVVOLSDPSOLWXGHDQG
IULFWLRQ FRHIILFLHQW DUH JHQHUDOO\ FRQVLGHUHG WR EH WKH SULPDU\ IUHWWLQJ YDULDEOHVZKLFK SOD\ D FULWLFDO UROH LQ WKH
SURFHVVRIIUHWWLQJIDWLJXHFUDFNLQLWLDWLRQDQGIUHWWLQJZHDU
:DWHUKRXVH  IRFXVHVRQLGHQWLI\LQJWKHGULYLQJIDFWRUVIRUIUHWWLQJGDPDJHRQ EODGHGLVNDWWDFKPHQWXQGHU
UHDOHQJLQHFRQGLWLRQV)UHWWLQJGDPDJHRFFXUVRQWKHVXUIDFHVRIFRQWDFWLQJFRPSRQHQWVWKDWDUHFODPSHGWRJHWKHU
DQGDUHVXEMHFWHG WRYLEUDWLRQRUFKDQJH LQFRQWDFWFRQGLWLRQVGXH WR WKHQDWXUHRI ORDGLQJDOWKRXJK WKHFODPSHG
ERGLHV DUH QRPLQDOO\ DW UHVW UHODWLYH WR HDFK RWKHU )UHWWLQJ IDWLJXH )UHWWLQJZHDU DQG )UHWWLQJ FRUURVLRQ DUH WKH
PDMRUIRUPVRIIUHWWLQJGDPDJHDQGDUHFRQVLGHUHGDVLPSRUWDQWPRGHVLQWKHGHVLJQRIHQJLQHHULQJFRPSRQHQWV
+HUQDQ9$UULHWDHWDO IRFXVHVRQLGHQWLI\LQJWKHGULYLQJIDFWRUVIRUIUHWWLQJGDPDJHRQEODGHGLVNDWWDFKPHQW
XQGHUUHDOHQJLQHFRQGLWLRQV7ZRGLPHQVLRQDOILQLWHHOHPHQWFRQWDFWFDOFXODWLRQVZHUHFDUULHGRXWWRTXDQWLI\WKH
LQIOXHQFH RI WKH NH\ IDFWRUV RQ PHFKDQLFDO TXDQWLWLHV VWUHVV DQG VWUDLQ 6SHFLDO DWWHQWLRQ ZDV SDLG WR PDWHULDO
PRGHOVDQGVXUIDFHLQWHUDFWLRQIULFWLRQFRHIILFLHQWDQGFRQWDFWFRQGLWLRQVLQRUGHUWREDODQFHFRPSXWDWLRQDOHIIRUW
ZLWKUHVXOW¶VDFFXUDF\
)URPWKHOLWHUDWXUHLWLVHYLGHQWWKDWIUHWWLQJIDWLJXH DQGIUHWWLQJZHDUDUHFRQVLGHUHGDVFULWLFDOIDLOXUHPRGHVRI
EODGH GLVF LQWHUIDFH7KH FXUUHQWZRUN IRFXVHV RQ VWXG\LQJ WKH VWDWH RI VWUHVV DW WKH FRQWDFW LQWHUIDFH RI GRYHWDLO
EODGHGLVFDWWDFKPHQWIRUYDU\LQJFRHIILFLHQWRIIULFWLRQWRDWDQLQFUHPHQWDOYDOXHRIDQGIRUYDU\LQJ
URWDWLRQDOVSHHGIURPWRUSPDWDQLQFUHPHQWDOVWHSVRIUSPWKURXJK'DQDO\VLVXVLQJFRQWDFW
HOHPHQWVDWWKHLQWHUIDFHV&RPPHUFLDOO\DYDLODEOH)(FRGH$16<6ZRUNEHQFKLVXWLOL]HGIRUWKHDERYHVWXG\
)LJVKRZV'JHRPHWULFPRGHO
1875 B.M. Appaji Gowda et al. /  Procedia Materials Science  5 ( 2014 )  1873 – 1879 
 *HRPHWULF &RQILJXUDWLRQ
D
E
F
)LJ'RYHWDLO*HRPHWU\([DPLQHGD 6HFWRURI'RYHWDLO E%ODGH& 'LVF
 )LQLWHHOHPHQW PRGHOLQJ
7KHWKUHHGLPHQVLRQDODQDO\VLV ZLOOEH FDUULHGRXWIRUWKHPLGVHFWLRQRIWKHGLVFWKXVSHUWDLQLQJWRSODQHVWUHVV
FRQGLWLRQV7KHUHDUH VHYHUDOPHWKRGV IRUGLVFUHWL]DWLRQ   DYDLODEOH IRU WKHJHQHUDWLRQRI ILQLWH HOHPHQWPHVKHV LQ
QRQOLQHDUFRQWDFWDQDO\VLV$IUHHPHVKLQJURXWLQHZDVXVHGGXHWRWKHQHFHVVLW\WRPRGHODFRPSOH[JHRPHWU\ DV
VKRZQLQ)LJWRFDWHUIRU ODUJHWUDQVLWLRQVLQWKHVWUHVVILHOG 7\SLFDO'PHVKHV LVVKRZQLQ)LJ ZLWK +H[DPXOWL
HOHPHQWVL]HWRPPFRQWDLQKH[DKHGURQVROLGHOHPHQWZLWKQRGVSHUHOHPHQW7KHVHFRQGFDVHZKLFKZDV
IXUWKHUUHILQHGWR+H[DPXOWLHOHPHQWVL]HWRPP6XEPRGHO%RWKWKHDFFXUDF\SHUWDLQLQJWRZDUGVVROXWLRQDQG
FRPSXWLQJWLPHZHUHWDNHQLQWRFRQVLGHUDWLRQ
D)XOO0RGHO1RGHV
(OHPHQWV
E 6XE0RGHO1RGHV
(OHPHQWV
)LJ)LQLWH(OHPHQWPRGHORI'RYHWDLO$VVHPEO\ D)XOO0RGHOE6XE0RGHOLQJ
1876   B.M. Appaji Gowda et al. /  Procedia Materials Science  5 ( 2014 )  1873 – 1879 
 %RXQGDU\FRQGLWLRQ0DWHULDO3URSHUWLHV
)RUWKHSUHVHQWVWXG\WKHPDWHULDOXVHGLVVDPHDVHPSOR\HGE\SDSDQLNRVHWDO>@7KHPDWHULDOXVHGIRUWKH
PRGHOLQJ RI WKH EODGH'LVF ZHUH WKDW RI WLWDQLXP DOOR\ 7L $O9 DQG LWV PHFKDQLFDO SURSHUWLHV DUH \RXQJ¶V
PRGXOXV( *SD3RLVVRQ¶VUDWLR ¥ DQGGHQVLW\ ȡ NJP$OOH[DPLQHGPRGHOVZHUHVXEMHFWHGWR
FHQWULIXJDOORDGLQJZLWKVSHFLILFDQJXODUYHORFLW\ZHUHȦZDVVHOHFWHGWREHUSP,QYLHZ RIV\PPHWU\RI
JHRPHWU\DQGORDGLQJRQO\RQHVHFWRURIWKHGLVFVXSSRUWLQJEODGHVZDVPRGHOHGDVVKRZQLQ)LJ 7KLVPRGHO
ZDVLPSRUWHGWR$16<6DQGWKHF\FOLFV\PPHWU\ WRROZDVHIIHFWLYHO\XVHGJUHDWO\UHGXFLQJFRPSXWDWLRQDOWLPH
FRPSDUHGWRDIXOOGLVFEODGHVPRGHOWKDWZRXOGUHTXLUHDPXFKKLJKHUFRPSXWDWLRQDOHIIRUW
 &RQWDFWHOHPHQWV
7KHVXUIDFHWRVXUIDFHFRQWDFWLVGHILQHGEHWZHHQWKHEODGHDQGGLVF7KHRXWHUVXUIDFHRIEODGHVLVDORQJIODQN
OHQJWK FRQVLGHUHG DV WKH FRQWDFW VXUIDFH HOHPHQW DQG WKH LQQHU VXUIDFH RI GLVF VHFWRU DORQJ IODQN OHQJWK DUH
FRQVLGHUHGDVWDUJHWVXUIDFHHOHPHQWWKHFRQWDFWUHJLRQEHWZHHQWKHEODGHDQGWKHGLVFLVUHFRJQL]HGDXWRPDWLFDOO\
ZKHQ JHRPHWU\ LV WUDQVIHUUHG IURP GHVLJQ PRGHOHU WR VLPXODWLRQ DV ERQGHG FRQWDFW )XUWKHU LW LV FKDQJHG WR
IULFWLRQDOFRQGLWLRQVEHWZHHQWKHEODGH	GLVFLQWHUIDFHDV&RHIILFLHQWRIIULFWLRQYDU\LQJIURPWRLQVWHSVRI
ȝ IRUGLIIHUHQWLQWHUIDFHFRQGLWLRQVFRQWDFWIRUPXODWLRQWR$XJPHQWHG/DJUDQJHPXOWLSOLHUPHWKRGZDV
XVHGWRREWDLQVROXWLRQVIRUQRUPDODQGIULFWLRQFRQWDFWV7KHGRYHWDLOLQWHUIDFHZDVGHILQHGDVWKHVWLIIQHVVPDWULFHV
RIHDFKHOHPHQWDUHXSGDWHGDWHDFKLWHUDWLRQ*LYHQWKHVHGHILQLWLRQVWKHFRQWDFWUHJLRQLVFRQVLGHUHGDVDQRQOLQHDU
FRQWDFWFRQGLWLRQV 7KHFRQWDFWHOHPHQWVXVHGDUH &217$	7$5*(
)LJ%RXQGDU\FRQGLWLRQVRIGRYHWDLO$VVHPEO\
 5HVXOW	GLVFXVVLRQ
' VWUHVV DQDO\VLV RI D W\SLFDO GRYHWDLO DVVHPEO\ RI D JDV WXUELQH FRPSUHVVRU VXEMHFWHG SUHGRPLQDQWO\ WR
FHQWULIXJDO IRUFHV KDV EHHQ FDUULHG RXW WR H[DPLQH WKH LQIOXHQFH RI URWDWLRQDO VSHHG DQG FRHIILFLHQW RI IULFWLRQ
EHWZHHQEODGHDQGGLVF
,QWKHFXUUHQWLQYHVWLJDWLRQWKHHIIHFWVRIFRHIILFLHQWRIIULFWLRQDQG$QJXODUVSHHGRQWKHSK\VLFDOFKDUDFWHULVWLFV
XSRQ WKH WULD[LDO VWDWHRI VWUHVVSUHVHQW LQ WKHGLVFDUH VWXGLHG7KHVWUHVVFKDUDFWHULVWLFVSUHVHQWHG LQ WKHFXUUHQW
LQYHVWLJDWLRQDUH YRQ0LVHVDORQJ)ODQN/HQJWKYRQ0LVHVDORQJWKLFNQHVVFRQWDFWSUHVVXUHEHWZHHQEODGH	 'LVF
YRQ0LVHVVWUHVV0D[LPXPSULQFLSDOVWUHVVDQG'LVSODFHPHQWLQWKHGRYHWDLODVVHPEO\
1877 B.M. Appaji Gowda et al. /  Procedia Materials Science  5 ( 2014 )  1873 – 1879 
)LJ(IIHFWRIYRQ0LVHV6WUHVVIRUYDU\LQJVSHHG )LJ(IIHFWRI 'LVSODFHPHQWIRUYDU\LQJVSHHG
)LJ(IIHFWRI0D[LPXPSULQFLSDO6WUHVVIRUYDU\LQJVSHHG )LJ(IIHFWRI&RQWDFW6WUHVVIRUYDU\LQJVSHHG
7KHLQGHSHQGHQWSDUDPHWHUVLQIOXHQFLQJWKHVWUHVVHVHQFRXQWHUHGLQDGRYHWDLODVVHPEO\VXFKDVURWDWLRQDOVSHHG
DQGFRHIILFLHQWRIIULFWLRQKDYHEHHQYDULHGIURPWRUSPDQGWRUHVSHFWLYHO\7KHVWUHVVDQDO\VLV
ZDV FDUULHGRXW HLWKHU E\ NHHSLQJ URWDWLRQDO VSHHGRU FRHIILFLHQW RI IULFWLRQ DV FRQVWDQW DQGYDU\LQJ WKHRWKHU DV
PHQWLRQHGDERYH
,WLVHYLGHQWWKDWIRUDJLYHQURWDWLRQDOVSHHGYRQ0LVHVVWUHVVGHFUHDVHVZLWKLQFUHDVHLQFRHIILFLHQWRIIULFWLRQ
WKRXJKLWLVPDUJLQDO7KLVWUHQGKDSSHQVWREHWKHVDPHZKHQFRHIILFLHQWRIIULFWLRQZDVYDULHGIURPWRLQ
VWHSVRINHHSLQJWKHURWDWLRQDOVSHHGFRQVWDQWDWUSPKRZHYHUZKHQWKHURWDWLRQDOVSHHGZDVLQFUHDVHGWR
USPDQGIURPWKHUHWRUSPLQVWHSVRIUSPWKHUHKDVEHHQDVWHHSLQFUHDVLQJLQYRQ0LVHVVWUHVV
WKRXJKVKRZLQJDGHFUHDVLQJWUHQGZLWKWKHLQFUHDVHLQFRHIILFLHQWRIIULFWLRQ
7KHGLVSODFHPHQWRI WKHEODGH URRW LQ WKHGRYHWDLO DVVHPEO\KDVDOVREHHQREWDLQHGDVD IXQFWLRQRI URWDWLRQDO
VSHHGDQGFRHIILFLHQWRIIULFWLRQ)RUDURWDWLRQDOVSHHGWKHGLVSODFHPHQWGHFUHDVHZLWKWKHLQFUHDVHLQFRHIILFLHQW
RIIULFWLRQZKLFKDJDLQLQFUHDVHZLWKWKHLQFUHDVHLQURWDWLRQDOVSHHGLQWKHVDPHPDQQHU7KHUHODWLRQVKLSEHWZHHQ
URWDWLRQDO VSHHG DQG YRQ0LVHV DV D IXQFWLRQ RI FRHIILFLHQW RI IULFWLRQ LV VKRZQ LQ )LJ  WKH UHODWLRQ EHWZHHQ
GLVSODFHPHQW DQG URWDWLRQDO VSHHG IRU YDU\LQJ FRHIILFLHQW RI IULFWLRQ LV VKRZQ LQ ILJ  6LPLODU WUHQG KDV EHHQ
REVHUYHGZLWK0D[LPXPVWUHVVDQGFRQWDFWVWUHVVIRU WKHUHODWLRQVKLSEHWZHHQURWDWLRQDOVSHHGDQGDVDIXQFWLRQRI
FRHIILFLHQWRIIULFWLRQLVVKRZQLQ)LJDQGILJUHVSHFWLYHO\
)URPWKH)LJD	DLWHYLGHQWWKDWWKH$FXWHVWUHVVJUDGLHQWLVREVHUYHGDWWKHORZHUFRQWDFWSRLQWHGJHVRI
LQWHUIDFH UHJLRQ DORQJ WKH IODQN OHQJWK RI GRYHWDLO DVVHPEO\ IRU DOO WKH YDU\LQJ  URWDWLRQDO VSHHG DORQJ WKH IODQN
OHQJWK
Ϭ͘ϬϬнϬϬ
ϱ͘ϬϬнϬϭ
ϭ͘ϬϬнϬϮ
ϭ͘ϱϬнϬϮ
Ϯ͘ϬϬнϬϮ
Ϯ͘ϱϬнϬϮ
ϯ͘ϬϬнϬϮ
ϯ͘ϱϬнϬϮ
ϰ͘ϬϬнϬϮ
ϰ͘ϱϬнϬϮ
Ϭ ϮϬϬϬ ϰϬϬϬ ϲϬϬϬ ϴϬϬϬ ϭϬϬϬϬ ϭϮϬϬϬ
ǀŽ
ŶͲ
D
ŝƐĞ
Ɛ
^ƚ
ƌĞ
ƐƐ
͕D
WĂ
ZŽƚĂƚŝŽŶĂů^ƉĞĞĚ͕ƌƉŵ
ђсϬ͘ϭ
ђсϬ͘ϭϱ
ђсϬ͘Ϯ
ђсϬ͘Ϯϱ
ђсϬ͘ϯ
Ϭ
Ϯ
ϰ
ϲ
ϴ
ϭϬ
ϭϮ
ϭϰ
ϭϲ
Ϭ ϮϬϬϬ ϰϬϬϬ ϲϬϬϬ ϴϬϬϬ ϭϬϬϬϬ ϭϮϬϬϬ
Ğ
ĨŽ
ƌŵ
Ăƚ
ŝŽ
Ŷ͕
ϭ
ϬͲ
Ϯ ŵ
ŵ
ZŽƚĂƚŝŽŶĂů^ƉĞĞĚ͕ƌƉŵ
ђсϬ͘ϭ
ђсϬ͘ϭϱ
ђсϬ͘Ϯ
ђсϬ͘Ϯϱ
ђсϬ͘ϯ
Ϭ͘ϬϬнϬϬ
ϱ͘ϬϬнϬϭ
ϭ͘ϬϬнϬϮ
ϭ͘ϱϬнϬϮ
Ϯ͘ϬϬнϬϮ
Ϯ͘ϱϬнϬϮ
ϯ͘ϬϬнϬϮ
Ϭ ϮϬϬϬ ϰϬϬϬ ϲϬϬϬ ϴϬϬϬ ϭϬϬϬϬ ϭϮϬϬϬ
D
Ăǆ
͘W
ƌŝŶ
ĐŝƉ
Ăů
^
ƚƌ
ĞƐ
Ɛ͕
D
WĂ
ZŽƚĂƚŝŽŶĂů^ƉĞĞĚ͕ƌƉŵ
ђсϬ͘ϭ
ђсϬ͘ϭϱ
ђсϬ͘Ϯ
ђсϬ͘Ϯϱ
ђсϬ͘ϯ
Ϭ͘ϬϬнϬϬ
ϱ͘ϬϬнϬϭ
ϭ͘ϬϬнϬϮ
ϭ͘ϱϬнϬϮ
Ϯ͘ϬϬнϬϮ
Ϯ͘ϱϬнϬϮ
ϯ͘ϬϬнϬϮ
ϯ͘ϱϬнϬϮ
ϰ͘ϬϬнϬϮ
Ϭ ϮϬϬϬ ϰϬϬϬ ϲϬϬϬ ϴϬϬϬ ϭϬϬϬϬ ϭϮϬϬϬ
Ž
Ŷƚ
ĂĐ
ƚW
ƌĞ
ƐƐ
Ƶƌ
Ğ͕
D
WĂ
ZŽƚĂƚŝŽŶĂů ^ƉĞĞĚ͕ ƌƉŵ
ђсϬ͘ϭ
ђсϬ͘ϭϱ
ђсϬ͘Ϯ
ђсϬ͘Ϯϱ
ђсϬ͘ϯ
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